Two color pump-probe experiments using the Duke Storage Ring as a synchrotron light source for visible light and the Mark Ill FEL as a tunable, high peak power IR source are possible. The storage ring RF booster and the Mark Ill FEL RF sources are both driven by the same master oscillator with a timing jitter between sources of less than 20 psec. The operation of the Mark Ill IR FEL results in a pulse structure of 2 psec pulses separated by 350 psec contained in a macropulse of 2 psec duration which is repeated at 10-30 Hz. The storage ring can fill from 1-64 RF bunches, each with a synchrotron light pulse length of 20-30 psec. The circulator frequency for a single bunch is 2.79 MHz. Synchronized operation will result in a coincidence of 6 FEL-IR pulses with the visible synchrotron pulses for each 2 isec macropulse, or multiples of 6 for multiple bunches in the ring. The visible synchrotron source can be used as a probe of vibrational excitation from the FEL in an experiment using vibrationally-assisted fluorescence as an indicator of overlap of the JR and the visible pulses. An optical delay line in the FEL beam will allow adjustment of the arrival time of the JR pulse relative to the visible probe. Exploration of coupling between electronic excitation and lifetimes of vibrational excitation of fluorescent compounds in solution can be carried out with this configuration.
INTRODUCTION
The optical pump-probe experiment is a very Fowerful tool for exploring the dynamics of fast processes involving excited states. ' Usually a short-pulsed high peak power laser is used to provide both the pump and the probe light pulses. Widely different, tunable pump and probe wavelengths in the visible and near infrared can be provided by using dye lasers, continuum generators, or optical parametric amplifiers. However, when either the pump or the probe or both are in the mid-infrared region only limited wavelengths are available with sufficient power to explore vibrational relaxation dynamics in solution in which the typical relaxation times are a few picoseconds or less. Both synchrotrons and free electron lasers (FEL) provide short-pulse widely tunable sources throughout the visible and infrared region. Pump-probe experiments using the NSLS synchrotron infrared beamline or a broad band source for fast fourier transform spectra (jrobe) of carriers generated in mercury-cadmium-telluride by a ND-YAG laser (pump). With a synchrotron pulse width of 100-500 psec., nanosecond time-scale relaxation of the carrier population could be measured.
Since the pump was in the visible range adequate power and short pulse lengths were available using the ND-YAG laser. If tunability in the visible were needed, dye lasers can provide that capability. The situation is different when pumping is required in the infrared region. Optical pulse width wide tunability with suitable pulse length and peak pulsed power in the mid-infrared region are more difficult to generate with conventional lasers and parametric techniques. Laubereau aL6 were able to generate sufficient power using parametric conversion of a ND-YAG laser to provide adequate pumping of C-H vibrational levels at approximately 3,000 cm1 with some tunability.
The probe at 1 89 10 cm ' , frequency doubled from the Nd-YAG, is fixed in wavelength, and causes fluorescence when there is vibrational excitation of the electronic ground state. By using synchrotron radiation as a broad band tunable visible light probe and an infrared FEL as high power tunable pump source independent choices of pump and probe wavelengths are possible. The Duke Storage Ring provides up to 1 KW of broad band radiation from each of its bend magnets and is used as a probe source in the visible region. The Mark III infrared FEL is housed in the same building. The RF power for both the storage ring and the Mark Ill FEL are derived from the same master oscillator and can be phase-locked. This synchronization between light sources makes it possible to utilize the synchrotron light as a tunable visible probe of vibration excitation of the electronic ground state by an infrared FEL. One experimental set-up involves the excitation of the vibrational modes of the electronic ground state of a flourescent molecule in solution. The probe using the tunable synchrotron source is used to elicit fluorescence by electronic excitation with photons which do not have sufficient energy for electronic excitation unless they are absorbed by a molecule in a vibrationally excited ground state. Energy level diagram in Fig. 1 illustrates the experiment. 
DUKE SYNCHROTRON SOURCE
The Duke storage ring is designed for operation at 1.0 GeV and 1 amp and was commissioned between Nov. 1994 and March 1995. Presently it is operated at 1 GeY and a few milliamps and at lower energies (300 MeV) at over 100 mA. 
SYNCHROTRON AND FEL PULSE TIMING
The master oscillator from which the RF for the ring booster and the RF for the accelerator for the Mark Ill FEL are derived is stable to 1 part in 1012 ? and the two RF frequencies are phase-locked so that chain multiplication will cause no more than 1-2 psec jitter between synchrotron and FEL light pulses. The pulse sequences for both sources are diagrammed in fig. 2 . operational parameters are given in table 1. There is synchrotron radiation available at 4 of the dipole magnets. At a typical operating energy of 280 MeV and 50 mA, visible light at 5000 A with 100 A band-width is calculated to contain 7x10'2 photon/sec/mrad horizontal angle. Table 1 If the Mark Ill FEL is operated with a 2ji sec macropulses pulse length then with 1 bucket filled in the ring there are 6 FEL pulses which overlap with synchrotron pulses in every EEL macropulse. At a duty cycle of 20 Hz (our standard operating repetition rate) there are 120 overlapping pulses/second. That number is multiplied by the number of buckets circulating in the ring up to 64 buckets filled which leads to 7680 overlapping pulses /second. With small amount ofjitter between the synchrotron and FEL pulses, overlap can be by an optical delay line in the FEL optical beam which can provide > 360 psec (approx. 120 mm length) delay.
EXPERIMENTAL SET-UP
In figure 3 below, the colliding beams from each source are brought into an optical cuvette with an JR-visible window (BaF2) in the path of the incoming beams and a standard quartz face for collection of the fluorescent light at 90° by a photomultiplier tube. Since fluorescent emission is expected to be low, gated photon counting will be used (max. of 1 photon/overlapping pulse) or integrated counting by pulse height measurements if more fluorescent light is generated. The synchrotron light is stable but fluctuation in the Mark Ill FEL (3-10%) many require normalization using an upstream 1% beamsplitter and cooled JR detector. Initial experiments will be done with fluorescent compounds Coumarin 6 (previously measured by Laubereau) and porphyrins in dry CCL4 at the C-H stretch frequencies (3000-2700 cm' ). Previous experiments indicate possibilities of strong coupling in the 1600 cm region C=O and C=N stretch frequencies but as of yet no direct measurement of vibrationally assisted fluorescence has been made at these frequencies. The Mark III FEL has adequate power to provide pump excitation at these frequencies as well as at the higher frequencies. 
